Essential oil extracts from the leaves of two Lantana species (L. radula Sw. and L. canescens Kunth), for which no prior analysis has been reported, were analyzed by GC-MS. This information was utilized to propose chemical markers for Lantana species so that identification between physically similar plant species can be achieved through chemical analysis. Results showed 33 constituents for L. canescens, among which β-caryophyllene (43.9%), β-cubebene (10.1%), elixene (8.6%), β-phellandrene (6.1%), α-caryophyllene (2.6%) and dehydro-aromadendrene (2.6%) were the principle components. L. radula revealed the presence of 21 compounds, the most abundant of which were β-cubebene (31.0%), β-caryophyllene (20.8%), elixene (10.0%), α-salinene (6.4%), β-phellandrene (6.1%), copaene (4.9%) cadinene (1.4%) and psi-limonene (1.4%). The high concentration of β-caryophyllene in the samples tested here and those in the literature make it a good candidate for a chemical marker for Lantana species, with β-cubebene, elixene and β-phellandrene following as minor compounds identified more sporadically in this genus. On the other hand, Lippia species, which are morphologically similar to those from the Lantana genus, would contain limonene, citral, carvacrol, β-myrcene, camphor and thymol as the main chemical markers. These chemical markers would be a powerful tool for maintaining quality control in the extraction of essential oils for use in medicinal applications, as well as in identification of plant specimens to a taxonomist.
Many reports exist on gas chromatographic analyses of the different chemotypes of Lippia species, specifically L. alba (Mill.) N. E. Brown, with most constituents belonging to the terpene class of plant secondary metabolites [1] . Analyses of essential oil extracts from three chemotypes of L. alba in one study revealed the predominance of citral, β-myrcene and limonene in chemotype I, citral and limonene in chemotype II, and carvone and limonene in chemotype III [1] . Chemotypes from the Brazilian Amazon were found to contain 1,8-cineole, limonene, carvone, and sabinene (from Santa Maria); limonene, carvone and myrcene (from Belterra); and neral, geranial, germacrene D, and β-caryophyllene (from Chaves) [2] . Other research has reported the presence of iridoids and phenylpropanoids in the roots of L. alba [3] . Iridoids have been proposed by Rimpley and Sauerbier [4] as taxonomic markers for plants from the Lippia, Lantana, Aloysia and Phyla genera, but have not proven very helpful in distinguishing between Lippia and Lantana species since they are found in both genera.
Plants of the Lantana genus are native to the tropical Americas and Africa [5] . One of the best known examples is L. camara, which can cause cholestasis and hepatotoxicity in livestock due to the presence of lantadenes [6] . This plant has also been used in folk medicine as an antibacterial/antifungal remedy [7] and to treat hypertension, cancer [8] and rheumatism [9] .
Lantana canescens is listed as a rare species in Florida, U.S.A. and is used mainly for xeriscaping, as it is drought-tolerant. Efforts are being made to propagate this species in residential areas by local gardening groups. In northeast Brazil, the local community in Timbaúba city (Pernambuco State) uses this species as an analgesic. The concoction from the leaves of L. radula is used in Brazil as a tea to fight against coughs, flu and bronchitis [10, 11] . Recently, we isolated phenylpropanoids in both species which have previously shown biological activity as antioxidants and anti-inflammatories [12] . Since Lippia and Lantana species exhibit morphological and taxonomic similarity to each other, the aim of this work was to: 1) establish the chemical composition of essential oil extracts of leaves taken from Lantana canescens and Lantana radula specimens; and 2) to propose chemical markers for the Lantana genus, as differentiated from essential oil extract profiles from plants of the Lippia genus, based on data generated in this study and that found in the literature.
Chemical markers, or plant chemotypes, have been proposed in the literature for a variety of uses [13] . One of these includes the desire to maintain some sort of quality control in herbal and traditional medicines which, by and large, are not scrutinized by any regulatory body for the presence and concentration of active components. Another use is to differentiate either between plant species taxonomically or to assign plants of the same species into sub-groupings when they vary in their chemical content. An example is the varying level of anagyrine and other alkaloids found in three species of lupine distributed in the Pacific Northwest, USA [14] . The authors conclude that it is not enough to identify taxonomically a plant species when determining toxicological risk to livestock populations potentially exposed to lupine; rather, that a determination of the primary chemical components present is also necessary when developing effective livestock management programs.
GC-MS analysis of Lantana canescens showed 33 constituents, among which β-caryophyllene (43.9%), βcubebene (10.1%), elixene (8.6%), β-phellandrene (6.1%), α-caryophyllene (2.6%) and dehydroaromadendrene (2.6%) were the main components (Table 1) . L. radula revealed the presence of 21 compounds, the most abundant of which were βcubebene (31.0%), β-caryophyllene (20.8%), elixene (10.0%), α-salinene (6.4%), β-phellandrene (6.1%), copaene (4.9%), cadinene (1.4%) and psi-limonene (1.4%) ( Table 2 ). The high concentration of β-caryophyllene in the samples tested here and those in the literature (Table 3 ) make it a good candidate for a chemical marker for Lantana species, with β-cubebene, elixene and βphellandrene following as minor compounds identified more sporadically in this genus. In addition, these four compounds are less common in plants of the Lippia genus and, therefore, make good candidates for chemical markers that distinguish themselves from this morphologically similar group of plant species (Table 4 ). Lippia laxibracteata thymol (67 %) p-cymene (10 %) [35] Lippia multiflora linalool (29%) germacrene D (28%) thymol (30-40%) [36] Lippia origanoides carvacrol (38.6%) thymol (18.5%) [37] Lippia sidoides thymol (56.7%) carvacrol (16.7%) [38] Lippia ukambensis camphor (36.5%) [39] a Compounds in bold represent suggested compounds for a chemical fingerprint of Lippia species.
The concentration of the β-caryophyllene in other Lantana species has been reported to be consistently high throughout the year, independent of sampling seasons, as seen in the evaluation of the essential oil of Lantana camara from Madagascar where its concentration was assessed in the rainy season (10.3-38.7%), dry season (3.8-34.2%) and half season (21.3-43.6%) [20] . This work emphasizes the idea of this sesquiterpene being the main chemical marker for the Lantana genus. Germacrene D was observed to be in high concentration in some Lantana species (L. fucata, L. hirta and L. trifolia), but was not present in the majority of species, so was not selected as a good chemical marker for the Lantana genus.
Interestingly, recent in vivo reports on β-caryophyllene have shown anti-inflammatory, anti-mutagenic and anti-carcinogenic activities in mice [40] . Further, βcubebene and β-phellandrene have presented preliminary anti-oxidative activities [41, 42] . These data lend essential oil extracts of Lantana species to be good candidates for further research into their therapeutic properties in these realms. Indeed, we are just beginning to unravel the potential of traditional medicine on a broader scale, and, as so many populations depend on its use in their daily lives, is certainly a warranted field of research.
Conversely, we propose that Lippia species, which are morphologically similar to those from the Lantana genus, would contain limonene, citral, carvacrol, βmyrcene, camphor and thymol as the main chemical markers (Table 4 ). These components are either not present or present at very low levels in Lantana species and so would distinguish specimens from Lippia species. It is our hope that the proposed chemical markers will aid botanists, agronomic researchers, and entomologists in proper plant identification and those in the natural products industry in maintaining a high standard of quality control in the chemical compounds which make up Lippia and Lantana specimens intended for use in botanical and medicinal applications. 
Experimental

GC-MS analysis:
The essential oil of both species was diluted in ethyl acetate and passed through a 0.22 micron Teflon syringe filter before injection onto the GC-MS. The GC-MS analyses were made using a Perkin Elmer (Perkin Elmer, Waltham, MA, USA) AutoSystem XL GC apparatus, equipped with an autosampler and a split-splitless injector, attached to a PE-5MS fused silica capillary 5% diphenyl/95% dimethylpolysiloxane column (30 m x 0.25 mm, 0.25 µm film thickness, Perkin Elmer) using the following program: 40ºC held for 10.0 min, ramped from 40-200ºC at 3.0ºC/min, then ramped from 200-220ºC at 2.0ºC/min with high purity helium at 1.0 mL/min as the carrier gas. Line and injector temperatures were set at 220ºC and 200ºC, respectively. The sample (2 µL) was direct-injected using a PSSI injector in the split mode (1:10). MS conditions were run in EI+ mode through a Perkin Elmer TurboMass Upgrade mass spectrometer as follows: ionization energy 70 eV; source temperature 250ºC; scan rate 1.6 scans/sec; interscan delay 0.01 sec; mass range 50 to 400 m/z; solvent delay 3.0 min. Quantitative data were calculated using the TurboMass 5.1 software program (Perkin Elmer), while qualitative data were obtained from the Wiley NIST/EPA/NIH Mass Spectral Library 2005. Identification of individual components was made by computer searching and matching mass spectral data with those in the Wiley Library.
